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The penton base (protein III) and the fiber (protein II) were characterized,
which had not been previously done. The penton base had a molecular weight
of 68,000 and the fiber had a molecular weight of 30,000 to 33,000.
Previously, the fiber had been identified incorrectly.

Fifty conditionally lethal, temperature-sensitive (ts) mutants of the type 7
adenovirus vaccine strain have been isolated and characterized. Genetic
analyses indicate that forty-nine of the mutants could be divided into 10
complementation groups. Selected mutants from each group were localized on
the adenovirus genome by recombination and marker rescue analyses. The
mutations were predominantly located in the late transcription regions L1, L2,
and L3 which code for the 55-58K and IIla proteins (L1), the penton base and
pVl (L2), and hexon protein (L3). It was striking that only one mutation
involved an early gene product, the DNA-binding protein. The IIla protein
mutants are potentially excellent candidates for use in an attenuated, live
virus vaccine since it produces large amounts of hexons which is the

primary antigen responsible for neutralizing antibodies. Indeed, these
mutants produce as much immunologically reactive hexons, fiber, and penton
base as does wild-type 7 adenovirus. This contract period was devoted to
characterization of these mutants in greater detail, particularly H7ts88.
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SUMMARY

The research supported during the tenure of this
contract has produced data that described the major
components of the adenovirus capsid. These capsid proteins
were purified, their immunological properties were defined,
and the hexon was identified as the predorinant antigen that
induces neutralizing antibodies. The hexon was crystalized,
its polypeptide structure characterized, and the antibodies
directed against the hexon polypeptides were shown not to
react with native hexons. Conditionally lethal,
temperature-sensitive mutants of type 5 adenovirus were
isclated, characterized, and studied to reveal essential
features of formation of the capsomers and the assembly of
the virions. Temperature-sensitive mutants of type 7
adenovirus were isolated from the accepted Armed Forces
vaccine strain, and they were characterized to identify a
mutant to serve as a better prototype vaccine strain. A
mutant in the IIIa protein gene was considered the best ts
Ad7 virus as a candidate vaccine strain since infection with
it produced normal amounts of hexons without formation of
infectious virus at the non-permissive temperature. Final
characterization of the ideal virus for use in a vaccine was
interrupted by cancellation of this contract.

INTRODUCTION

At the time that this contract was initiated there was
only superficial and limited information available
characterizing the adenovirus infectious particles and the
biochemical reactions required for viral replication. These
data, however, were deemed essential to approach prophylaxis
and possible antiviral treatment of the numerous infections
for which adenoviruses were considered to be etiologic
agents. Initially, the studies to be summarized were
directed towards a detailed characterization of the
adenovirus structural proteins and identification of the
viral protein(s) responsible for inducing neutralizing
antibodies. Attention was next turned toward obtaining a
better, and possibly safer, attenuated -virus vaccine since
type 7 adenovirus was known to be oncogenic in rodents. The
Armed Forces' type 7 vaccine strain was used to derive and
characterize conditionally lethal, temperature-sensitive
mutants.




~

sy

Purification and immunological characterization of
types 4 and 5 adenovirus soluble antigens.

Summary. A chromatographic method for the separation
and isolation of adenovirus-induced antigens from
homogenates of infected cells is described. This
procedure, in conjunction with immunological
techniques, has been employed to identify,
characterize, and compare the soluble antigens of
types 4 and 5 adenovirus-infected Hela cells. By such
means it was shown that adenovirus-infected cells of
various origins produce three soluble antigens in
addition to infectious virus. These include a highly
type-specific complement-fixing antigen, a group-
specific or common complement-fixing antigen, and a
toxin-like material which, when added to normal cells,
causes rapid degenerative changes. The immunological
behavior of the toxin is that of a group-specific or
common adenovirus antigen. It was further shown that
similar antigens from types 4 znd S5 adenovirus-
infected Hela cells exhibited strikingly different
chromatographic characteristics.

Effect of proflavine on the synthesis of adenovirus,
type 5, and associated soluble antigens.

The synthesis of type 5 adenovirus in Hela cells was
suppressed to a considerable extent by low
concentrations of proflavine, an acridine dye. 1In
comparison, the processes leading to the production of
soluble complement-fixing antigens and toxin were less
sensitive to the action of this chemical. Addition of
proflavine to infected cells at different times during
the virus growth cycle revealed that the processes
leading to the synthesis of soluble antigens began
prior to the first appearance of newly synthesized
virus. This observation is compatible with the
hypothesis that the soluble antiger.s may represent
virus subunits or precursor materials. 1In addition,
these data indicate that it is possible to interrupt
the latter stages of the virus synthetic process by
addition of proflavine late in the eclipse period.

* Refers to number of publications listed at end of report.




3. Protein synthesis in type 5 adenovirus-infected cells.
Effect of p-fluorophenylalanine on synthesis of protein,
nucleic acids, and infectious virus.

Synthesis of specific proteins in adenovirus-infected
Hela cells was studied utilizing the amino acid analog
p-flourophenylalanine. Virus multiplication and the
production of specific soluble antigens could be
completely suppressed by addition of this compound.
Two distinct stages were revealed within the virus
eclipse period when the presence of analog prevented
virus synthesis. The first or early effect of p-
flourophenylalanine appeared to result from
interference with production of functional enzymes
necessary for synthesis of virus structural protein.
An overall picture of the temporal relationships
between DNA, protein, and virus synthesis was obtained
by conducting inhibition studies in parallel employing
S-flourodeoxyuridine, an inhibitor of thymidilate
synthetase, as well as p-flourophenylalanine. These
studies revealed that virus DNA synthesis preceded the
production of virus-specific protein by approximately 2
hours and the synthesis of mature infectious virus by

about 4 hours.

Structure of type 5 adenovirus. 1. Antigenic relationship of
virus-structural proteins to virus-specific soluble antigens
from infected cells.

Type 5 adenovirus was purified by fluorocarbon (freon 113) treatment fol-
lo?s'cd by banding in a CsCl equilibrium density gradient. This method per-
mitted separation of virus from norma! host cell materials and virus-specific
soluble antigens. Virus banded in CsCl with a mean bouyant density of 1.3349
gm‘./cm'. The three virus-specific soluble antigens (gro.up and t)'pe«p.eciﬁc
antigens and toxin) banded together with & mean bouyant density ofhl 2832
gm/cx-n'. The group-specific antigen was the predominant antigen of the .puri-
!Sed virus .panide, whereas the group- and type-specific antigens were present
in equal titers in the antigen band. Infectious virus particles were inactivated
b.y pn?longed dialysis at pH 10.5. Centrifugation of inactivated vuus prepara-
tlo?s in & CsCl equilibrium density gradient resulted in separation of virus
DNA from specific antigen: the antigens banded with a mean bouyant density
of 1.28.?2 gm/cm® and the DNA sedimented to the bottom of the tube Tbi
predpmmant antigen derived from purified virus particles was the g.roup-
speflﬁc antigen and it was in the same relative proportion to the type specific
antigen as l:neaﬂured in intact particles The antigens derived from disrupted
iw:r;.:\s!e:le:; :r:;lr:uno ogically identical with the w'yble virue antigens present




5. Structure of type 5 adenovirus. 11. Fine structure of virus
subunits. Morphologic relationships of structural subunits to
virus-specific soluble antigens from infected cells.

Purified type 5 adenovirus was disrupted at pH 10.5 and the capsid shown to
be comprised of two characteristic morphologica! subunits: (6) Hollow, polyg-
ona! structures corresponding to the virus capsomeres seen in preparation of
purified virus and (8) thread-like strands also identifisble in preparations of
purified virus. These structures were compared morphologically with purified
preparations of the group- and type-specific soluble antigens characteristically
produced in mammaliar cells infected with adenoviruses. The group-specific
soluble antigen was a bomogeneous preparation of bollow, polygonal rods
identical with the virus capsomeres. The type-specific soluble antigen corre-
sponded to the thread- or fiber-like components of the purifed virus particle.
Inspection of disrupted virus preparations confirmed earlier immunological
data which indicated that the major virus antigen wa: the group-specific
y soluble antigen. These data provide convincing evidence for the hypothesis
that the adenovirus-induced soluble antigens represent virus subunits pro-
duced in excess.

6. Production of specific neutralizing antibody with soluble
i antigens of type 5 adenovirus.

Injection into rabbits of virus-
free soluble antigen preparations obtained
from tvix § adenoviruw-infected Hela cell:
resultc in production of specific virus neu-
tralizing antibody. The neutralizing anti-
bodies are present in antisera in high titer
{ and are completely type-specific. This is in-
terpreted as evidence that the virus-induced
soluble antigens are structurally related to

viruc protein. Adsorption studies employing
} purified group-specific (L) antigens derived

from tvpes 2, 4, and § virus-infected celis
and articerum specific for the type 5 L ana-
gen teveal bacic immunoclogical difierences in
these ‘ common group” antigens: The tape §
L antigen cross-reacted with type 2 and 4
) antigens. however, the tvpe S antigen, in
b additior. bad an antigenic reactivity which

wac type-cpecific. .




Characterization of a new viral component of type 5
adenovirus by immunoelectrophoresis.

In extracts of adenovirus infected cells the presence
of 3 viral soluble antigens has been reported. The
soluble antigens represent structural subunits of the
virus produced in excess, and they are identical to the
antigens isolated from the virus particle itself.

In this report a new antigen of the type 5 adenovirus
virion will be discussed. The antigen could be
detected by immunoelectrophoresis of purified virus
disrupted by dialysis against pH 10.5 bicarbonate
buffer, and only if the antiserum used for the
immunodiffusion was made agsinst purified virus. The
antigen could not be found in the soluble antigen
fraction. The new antigen was separated from the 3
known viral antigens by immunoelectrophoresis, and it
could be demonstrated that the new antigen is
immunologic from the 3 other antigens.

The new viral component could be separated from 2 of
the 3 other antigens by rate zonal centrifugation in a
linear sucrosegradient.

Intracellular uncoating of type 5 adenovirus deoxyribonucleic
acid.

Highh purified. TP labeled tape & adenovirus was employed to study “un.oat
ing” of viral deossnibonucken acid (DNA1 —defined as the development of sena
tinaity 1o deoxanibonuclease Virabinfectiaty and radiosctingty adsorbed to KBeell-
ol the samic fate and sipmticant amooents of P did not elute from cells throughown
the e.hipw penod Kinetie studies 0f vira! penetration. echipse of infectnny. and
unosting ©f viral DNA indiated that the three events were closely reluted tlempo
rally. that the rates of each were simila:. and that they were cempleted within 60
10 90 mun after infection Vira) penctration. echipse. and uncoating provecded nor-
mally under condimons which blovked protein synthests. but they did not occur at
010 4 C Nerther viral DNA nor viral protein was degraded 1o acid soluble materisl
during the echipse period The nature of adenovirus DNA was studied after it was
comerted intracellularly from deonyribonudease-resistant 1o deoxynibonuclease
susceptible  Intact vinons centrifuged 1n sucrose gradients Kad & sedimentation
coefhoent of appronimately 800, and viral DNA sedimented as a particle of about
308 Infection of KB cells with punified ¥P labeled virus vielded deory nibonuclease -
susceptible vira) nucleic acid which wasn particles with sedimentation coefhicients
of 380 10 4508, 1 e _ greater than 10 tmes faster than DNA obtained from purified
vinons which had been disrupted by exposure to pH 105 When the DNA from
dinrupted vinons was mined with cell hosates, its sedimentation characteristics were
essentially unchanged by the presence of cellular matenal




Mechanism by which fiber antigen inhibits multiplication
of type 5 adenovirus.

Purified fibc: antipen of type § adenovirus inhitited the muluphcation of type §
adenovirus by S0 when 38 4p of fiber antpen protein wis added to 10 KB celis
in suspension culture Although the fiber antipen reduced the numbe: of vinons
adsorbed per cell when 8 muluphaits of infection of $0.000 plaque-forming units
(PFU) /cell was employed, the number of cells infected was not diminished under
these conditions If a low muluphaity of infection (1.1 PFU ‘cell - wus used, wiral ad
sorption was not detectably decreased The fiber antigen did not reduce the capabil
ity of virions to hberate their virs! deosynibonuclewc acid iDNA: The biosynthe.
se« of DNA, nbonucleic acid (RNA) fand protein were blocked about 20 to 25 hr
sfier the additon of fiber antigen to tultures of uninfected or type § adenovirus.
infected KB celis Most of the fiber antigen protein became celi-associated between
22 and 36 hr afier it was added to celis The hexon antigen neither inhibited wiral
multiphcation no: blocked the biosynthesic of DNA, RNA or proteir. Moreover,
the bhexon did not attach to KB cells The profound effects of the fiber antigen
were not due t¢ the induction of an interferon -like substance. for acunomyain D
did not reduce the ability of the fiber 1o iInhibit muluplication of type 1 poliovirus

Inhibition  of host protein synthesis in type 5 adenovirus-
infected cells.

The eflect of type 8 adenovirus infection on the synthesis of host.cell proteins by
suspension cultures of KB cells was investigated Although tot! protein synthesis
continved at & constant rate for approvimately 36 hr. net ssnthests of five host
enzymes actk dehydrogenase, acid phosphatase. deoxs ribonuclease. fumarase.
and phosphogluiose 1someraser was found 1o stop 16 to 20 hr afier infection The
synthesis of alkhaline phosphatase stopped 9 to 12 hr after infection The inhibition
of host protein synthesis occurred shortly after the synthesis of viral antigens had
begun. accounting for the continued synthesis of total protein An Investigation of
the relanonchip between synthests of viral antigens and inhitition o hos protein
synthesis vielded results which suggest that the two ProCesses are in some was
coupled '

Role of adenovirus structural proteins in the cessation of host
cell biosynthetic functions.

“Two of the adenovirus capsid proteins. the fiber and the hevon complexed with
either KB cell or 1ype S adenovirus deoasribonucleic acid (DNA  Maximal binding
occurred a1 0 01 m NaClincreasing the jon1 strength of the reastion minture 1o 0 2
M NuClresulied in 8 decrease in the association of either atigen 1o DNA Variations
of pH between 6 3 and 84 did not affect the binding of fiber anugen 10 DNA
Below /7HA7..< however. there was a small decrease in the ability of the hexon to bind
nucleic aqd The association between the adenovirus structural proteins and DNA
was reversible and was independent of whether the DNA was native or denatured
The fiber o1 hexon protein inhibited the DNA -dependent ribonuclei: acid (RNA)
poly merase and the DNA polvmerase from KB cells. On a weight basis_ the fiber pro
tein inhibited enzymatic activity to a greater extent than the hexon Increasing the
template DNA concentration decreased this inhibition The inhibition of the DNA.-
gkpmdgn! 'RNA polymerase activity by either antigen could te reversed by increas
ing the tonic strength of the reaction mixture. Afier infection of K B cells with type §
adenovirus. the levels of DNA and RNA polymerases remained unzhanged for 15
10 20 hr. Thereafier. the specific activity of both enzymes decreased By 30 hr post-
mfgcnon, the polymerase activities were only about 30", of the enzyms activities in
uninfected cells o )




12. Cytoplasmic synthesis of type 5 adenovirus capsid protein.

~That evnthesi~ of viral capsid proteins is accomplished in the
evtoplasm of cells infected with type 5 adenovirus was demonstrated wi't}.n lhre(»
independent methods: (1) autoradiography; (2) immunologicsl coprecipitation
of proteins on polyribosomes obtained by centrifugation of cytoplasmic extracts
in linear sucrose gradients, and (3) hybridization between denatured viral DNA
and RNA isolated from polvribosomes. Synthesis of the nascent viral poly-
peptide chainc was accomphshed rapidly on 2008 polyribosomes, after which
they were quichly released and transported into the nuclei.

13. Synthesis, transport, and morphogenesis of type 5 adenovirus
capsid proteins.

During the period between 20 and 24 hr afier infection of KB cells with type §
adenorirus, at @ ime when approximately 854 of the proteins made were virus
specific, viral proteine were synthesized on polyribosomes with an average sedr-
mentanon cocflicient of 2008 The polypeptide chains synthesized during a 1-min
peniod of labeling with '®C-amune acids had an average sedimentation cocfhcient of
3 4S in sucrose gradients contaiming 19, sodium dodecy] sulfate. Within 1 min afier
completion, the newls made poly peptide chaing were relcased from polyribosomes,
and the majority were transported into the nuclei within 6 min. Meanwhile, the im-
munological reactivity of the newly synthesized proteint also increased rapidly.
Duning the same 6 mun anterval after synthesis, the single polypeptide chains as-
sembled inte multimenic protemns with averape sedimentation cocfhicients of 6S, 95,
and 128 The 68 and 125 protoing were identificd immuonologically &s the fiber and
hexon capsid proteins respectively The 95 protein was trypsin sensitive and ap-
peared to be the precursor of the penton, it was tentatively identified a< the penton
base The penton had a sedimentation coefhicient of about 10.55 and sedimented with
the hexon in sucrose gradients The concomitant rmugration of nascent proteins into
the nuclei, development of the capsid proteins’ immunological reactivity, and mor
phogeneas of the multimeric capsid proteins suggest that the sigle polypeptide
chains or small complexes were transported into the nuclei where they assembled
into mature structural proteins of the virion
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Characterization of crystals of tvoe 5 adenovirus hexon

Tetrahe lra! cryetals of type 6 adenovirus hexon have bean studied by A-rayv
difiraction Thecrystals belong to the cubicgpace group P2,3witha = be ¢ = 149 A
The protein 1n the asymmetric unt probably represente one-third of @ hexon
Theee erystals differ from the deacription of the tetrahedrs) crystale of type b
edenovirus hexon reported by Macintyre, Perers & Russell (1969 but arc
womorphous with the bipyramidal-shaped crystalt of type l.odenox-mx_s hexon
studied by Franklin, Pettersson, Akervall. Strandberg & Philipson (197))

Synthesis in vitro of type 5 adenovirus capsid proteins

Reaction musiure: containing cvtoplasmic eatracts and ribosomal fracuons pre-
pared from KB cells infecied with type 5 adenovirus were able 1o carry out incor-
poration of amuno acids inte protein The in vitro product included proteins which
reacted specificalls with antisera to adenovirus capsid proteins, in control expen-
mentc with extracts from uminfected cells, no rezcuons with the entiscre were found
The viral proteinc were Sypthesized in vitre on small polytibosomes, werc released
from them, and sigmficant pumbers of the free polypeptides were assembled in vatro
into mulumenc adenovirus capsid structures.

Selection and preliminary characterization of temperature-
sensitive mutants of type 5 adenovirus

Eight temperature sensitive (1) mutants that rephcate normally a1 32 C but
poorly, if at all. a1 39 8 C have been isolated from mutagenized stocks of a wild
tape strain of type S adenovirus Three mutap- s were emplosed ntrous acid
hydrovvlamine. 8and mirosoguarudine T< mutants were isolated from matapemzed
viral stochs with frequencies between 001 and 0 19 Al eight mutants had reversion
frequencies of 10 or Jess Complementation expeniments 1n daubly infected cultures
8! the nonpermussive temperature separated the mutants inte three nonoserlapping
complementation groups Complementation yields ranged from 8 23 1o & 3,000
fold increase over the sums of the yiclds from the twe singly Irfeted controly
Genetic recombination was also demonstrated, epprovmatc re o nanon fre
quencies ranged from 01 to 159 Prehmunary biochemizal and animonolopical
charactenzation of the mutants indicated that (1) the single mutant in comple
mentation grour § did not replicate its deorynibonucien aad (DNA o synthesze
late proteins at the nonpermussive temperature but did inhibit host DNA synthests
10 25% of an uninfected control, (itr the four group I mutants reph. ated viral DNA,
shut ofl host DNA synthesis, synthesized penton baw and fiber, but did not syn
thesize immunologically detectable hexon, the three mutants in complementation
group I synthesized viral DNA,| shut off host DNA synthesis. snd madc unmuno
logically reactive capsid proteins (hexon. penton baw, and fiber),
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Hexon peptides of types 2, 3, and 5 adenoviruses and their

relationsipip to hexon structure

Peptide~ of heaone fron. tvpe 2 and & (subgroup 1Hy and tvpe 3 (rubgroup D
adenoviruse: were produced by trestment with cvanoger bromide and wer
separated by icoelectric focusing in polvscrilanade gels containing & M vres
Peptides with identica! 1soelectric pants, but frun. difterent hexar types. were
considered to have structural mmilarities According to thic eriterior for chemics!
relatedness. about two-thirds of the type 2 and 5 hexon pepudes may b
considered similar In contra<t, the majonty of the 1ype 3 hexon peptides differed
chemically from peptides of type 2 and 5 heaone Virione and fre« hexonc were
jodinated with '*] in the presence of lactoperoxidase and H,0, When '}
labeled virione were disrupted and the hexor wac purified. the highly labeled
cvanogen bromide peptides had pl values greater than 6.8, some unique 8« well ax
some common peptides were labeled When purified hexons fron. the excesc
cellular poc! were yodinated peptides common te types 2 3 and & (peptides 12
end 14 were most eatensinely labeled Thuv hexons essembled an vinions and
those free an solution were iodinated different!s  The dats suggest that
immunolopically the hexone in virel capsids react aifferent)s from unassembled
hexons becauce the polypeptide chains assume shighthy difteren: folding configy
retions 1n the two hexon forms and therefore expose different regpron: of the
protein 1o antibodies

Antibody to the type adencvirus hexon po1ypeptide: Detection
of nascent polypeptides in the cytoplasm of infected KB cells

Summary Antihody to tape € adenovirgs hexon pols peptides reacted with the isolated
hevor pohypepnde chatns imonome ) bu' not with the natine multimeric hevon capsomers
(irimers) Indrectimmunofiuoresienie detected hewon po'y peptides mamnly ar the cytoplasm
of KBcell: infected with types Jand Saderovruses Celisanfected with adenosirus mutants
HSts116 or HSts114 whick are deflective 1r the producton of immunologizally detectable
heaons, synthesized immunologicalls detectable hexon poly peptides at the nonpermissive
lemperature

Polyamines in type 5 adenovirus-infected cells and virions

The incorporathion of 1-*Clernthine end ["*Clputrescine intc putrescine,
spermaidine. and sperminean tvpe Fosdenovirgs infected KB celle wa-adentical to
that in uninfected contru! cell  eariv n anfection but incorporation intoe
putrescine stopped after & t¢. 12 b and the rate of incorporation inte spermidine
was reduced between 12 and 20 h after infection The amount of polvamines
found ascociated with purified virus could neutralize s maximun. of 310 4% of the
virue DNA. but the small quantittes of p-lvemanes detected could not be
dictinguiched from nonspeaific bonding of polsemines te vinians These data
sugpest that polvanmines are probaebly not antegral conponents of adenoviruc
particles

11
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Characterization of temperature-sensitive, hexon transport

mutant of type 5 adenovirus

Infection of KB cells at 89.5°C with H5ts147, 8 temperature-sensitive (ts)
mutant of type 5 adenovirus, resulted in the cvtoplasmic accumulation of hexon
antigen; all other vimon proteins measured, however, were normally trans-
ported into the nucleus Immunofluorescence techniques were used to study the
intracellular location of viral proteins Genetic studies revealed that H5ts147
was the single member of @ nonoverlapping complementation group and occu-
pied 8 unigue locus on the adenovirus genetic map, distinct from mutants that
failed o produce immunologically reactive hexons at 39.5°C ("hexon-minus”
mutants' Sedimentation studies of extracts of H5ts147-infected celle cultured
and labeled at 39 5°C revealed the production of 125 hexon capsomers (the
native, trimeric structures), which were immunoprecipitable to the same extent
as hexons synthesized in wild-type (WTrinfected cells In contrast. only 3.4S
polvpeptide chains were found in extracts of cells infected with the class of
mutants unable to produce immunologically reactive hexon protein at 3% 5°C
Hexons synthesized in H5ts147-infected cells at 39.5°C were capable of being
assembled into virions, to the same extent as hexons synthesized in WT-infected
cells, when the temperature was shifted down to the permissive temperature.
32°C. Infectious virus production was initiated within 2 to 6 h afler shift-down to
32°C, de novo protein synthesis was reguired to allow this increase in vira) titer.
If te147-infected cells were shifted up 1o 39 5°C late in the viral multiplication
cycle, viral production was arrested within 110 2 h The kinetics of shutoff was
similar to that of a WT-infected culture treated with cvcloheximide at the time of
shift-up. The P-V1 nonvirion polypeptide, the precursor to virion protein V1, was
unstable at 39.5°C, whereas the hexon polypeptide was not degraded during the
chase. It appears that there is a structural requirement for the transport of
hexons into the nucleus more stringent than the ascquisition of immunological
reactivity and folding into the 128 form

Characterization of type 5 adenovirus fiber protein

Type 5 adenovirus fiber protein was purified and subjected to chemical
cheracterizetion. Equilibrium sedimentation ultracentrifugation analysis indi-
cated that the intact fiber haz 8 molecular weight of approximately 183,000.
Dernsturstion and chemical analyvses implied that the fiber consists of three
polypeptide chains, each of about 61,000 mol wt. Mapping of tryvptic peptides
and electrophoretic separation of the constituent chains suggested that the intact
fiber consists of two identical and one unique polypeptide chains

Purification and preliminary inmmunological characterization

of the type 5 adenovirus, nonstructural 100K protein

v

' The nonstructural 100,000-dalton (100K) protein of ty 5a vi :
isolated fmd purified from infected KB cells ,l)),\' a combiﬁ:ﬁon offgr?-el::;a:x
and. afﬁr_m_\' chromatographies Rabbit antiserum containing specific 100K protein
antnboqnes was used for indirect immunofluorescence examination of cells infected
‘vmh wdd-ppe virus, 100K mutants, and hexon mutants. The 100X protein, which
1= synthesized as a late protein, was observed primarily in the cytoplasm ;)f cells
infected with wild-type and mutant viruses. ’ ’ .
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Complementation analvee assgned the mutationc of strains Hb2<315 and
H57<116. twe heaxon-nunus mutants, to the 100.0MG.dalton (100K protein gent
Heterotypmr merher rescue Oe . TV 5 adenovirue lAd.’l] temperature -sensitive
mutants DNA x EcoRlI restnicuon fragments of Ad2 DNA confirmed the results
of previou~ marher rescue mapping studies, and the heterotypic recombinants
yielded urugue hybrid (Ad5-Ad2) 100K proteins which were intermediate in size
between Ad> and Ad2 proteins and appeared to be as functionally active as the
wild-tvpe 100K protein Phenotypic characterization of these mutants showed
that both the hexon polyvpeptides and the 100K polypeptides were unstable at the
nonpermissive temperature. whereac fiber and penton were not degraded. and
that the 100k protein made at 39.5°C could not be utilized after a shift to the
permussive temperature (32°Ci The role of the 100K protein in the assembly of
the hexon trimer was also examined by in witro protein synthesis Normally,
hexon polypeptides synthesized during an in vitro reaction are assembled into
immunoreactive hexons However, this assemnbly was inhibied by preincubation
of the cell extract with anti-100K imrnunoglobulin G: neither anti-fiber immuno-
globulin G nor normal rebbit immunoglobulin G inhibited hexon assembly. 1t 1=
postulated that an interaction between the 100K protein and heaor: polypeptides
ts required for effective assembly of hexon tnmers

Characterization of a temperature-sensitive fiber mutapt of
type 5 adenovirus and the effect of the mutations on virion
assembly

A temperature-sensitive. fiber-minus mutant of tyvpe S adenovirus, HS1s142.
was biochemically and genetically characterized Genetre studies revealed that
H5:4142 was a member of one of the three apparent fiber complementation groups
whichk were detected owing to intracistronic complementation Recombination
ana'yses showed that it occupied a umique locus at the nght end of the adenovirus
genehic map. Al the nonpermissive temperature. the mutant made stable poly pep-
tides. but they were not glycosylated like wild-type fiber polypepudes. Sedimen-
tation studies of extracts of HSrs142-infected cells cultured and labeled at 39 .8<C
indicated that a hmited number of the fiber polypeptides made at the nonpermie-
she tempera‘ure could assemble ante a form having & sedimentation value of 68
(1 ¢ . similar to the tnmenc wild-type fiber). but that this 6S structure was not
immunolopically reactine. When HSis142-infected cells were shified to the
permussive temperature. 32°C, fiber polypeptides synthesized at 39.5°C were as
capablie of being assembled into vinons as fibers synthesized in wild 1y pe-infected
cells. de novo protein synthesis was not required to aliow this vinon assembly  In
HS1s142-infected cells incubated at 39.5°C. wiral proteins accumulated and
ageregated inte particles having physical charactenstics of empty capsids These
particles did not contain DN A or ts associated core proteins However. when the
infected culture was shifted 1o 32°C. DN A appeared 1o enter the empty particies
and complete vinons developed. The intermediate particles obtained had the
mophology of adenoviruses. but they contained less than unit-length viral
genomes a< measured by therr buovant density in a CsCl density gradient and the
size of their DN A a« determined in both neutra! and alhahine sucrose gradients
The reduced size of the intermediate particie DNA was demonstrated 1o be the
result of incompletely pachaged DNA molecules being ‘ragmented dunng the
preparative procedures Hybndization of labeled DN A eatracted from the inter-
mediate particles to filters contaming restniction fragments of the adenovirus
genome indicated that the molecular left end of the viral genome preferenniatiy
entcred these particles.
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Selection and characterization of temperature-sensitive
putants of type 7 adenovjrus

Fifty temperature-sensitive mutants of type 7
adenovirus have been isolated, following treatment of
the vaccine strain of virus with hydroxylamine (36/398
plaques tested i.e., 9% mutation frequency) or nitrous
acid (14/367 plaques tested i.e., 3.8% mutation
frequency). The mutants were plaque purified 2 times
on human foreskin (HF) cells, high titer stocks were
grown and their growth characteristics were examined.
The ratio of yields of these mutants at 39.5°9c/32°
ranged from 4.7x10-3 to 2.7x10-7, while their reversion
frequencies (i.e., the ratio of plating efficiency at
39.5°C to that at 32°C) ranged from <z.7x10-4 to
<2.2%10-7.

All but one of the 49 mutants examined made
immunologically reactive late antigens at 39.5°C, as
detectable by immunofluorescence. Forty eight of the
mutants have been classified by complementation
analyses. They were originally placed in 10
complementation groups (A-J) but a more detailed
analysis revealed considerable overlap between groups B
and C, and these are now thought to form a single
group, whose members undergo intracistronic
complementation. Similarly, H7ts55, the single member
of group F, fails to complement two mutants of group G
(H7ts62 and H7ts83), suggesting that it may well be a
member of the latter group.

Intertypic complementation analyses were carried
out between the Ad7 mutants and 6 AdS5 ts mutants in
order to obtain preliminary data on the lesions induced
in the Ad7 mutants. The genetic lesions of the A45
mutants used have been defined as follows:

H5ts128 - hexon gene
H5ts147 - hexon gene
H5ts116 ~-100K protein gene
H5ts142 - fiber gene
H5ts49 - IIla protein gene
H5ts125 - DNA-binding protein gene




From the data obtained it is clear that 17
mutants, comprising groups B/C, D and E failed to
complement both the hexon and the 100K mutants,
suggesting that both gene products are necessary for
assembly of functional hexons and that their
interaction is type specific. Only one mutant (H7tsé4,
group D) is potentially a fiber mutant, since it gave a
very low complementation index when crossed with
H5ts142. The early mutant H7ts93, was the only mutant
to fail to complement H5ts125. All mutants
complemented H5ts49.

Genetic studies of temperature-sensitive mutants
can give rise to some ambiguities. Such studies,
therefore, were amplified by physical mapping
techniques. The marker rescue technique was used to
localize the sites of mutations along the genome for
selected Ad7 mutants. The data obtained show that the
mutations in members of complementation groups B/C and
E are situated between map co-ordinates 50.4 and 60.2,
which taken together with the genetic evidence,
indicates that they are lesions in the hexon gene.
Mutants in groups F/H and G were mapped between
co-ordinates 34 and 36.7, which placed them in the L1
family of gene transcripts, coding for the 52/55K
proteins and IIIa protein. Three of the mutants in
complementation group J (H7ts21, H7ts38 and H7tse61l)
were mapped between co-ordinates 36.7 and 42, while the
fourth member of the group, H7ts85, was located between
co-ordinates 44 and 47. These data place members of
group J in the L2 transcription unit, most probably in
the penton base gene.

Phenotypic Characterization

Mutants in complementation groups B/C, D and E do
not accumulate trimeric hexons in the nucleus at
39.5°C, as detected by immunofluorescence, in agreement
with genetic and physical mapping data. Mutants in
complementation groups F/H, G, I and J accumulate
similar amounts of hexon trimers in the nucleus at
39.5°C as the WT virus.
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Members of complementation groups F/H, G and I
assemble empty capsids, which band at a bouyant density
of 1.30gms/ml, as well as particles which band at a
density of 1.26gms/ml, but fail to assemble DNA-
containing virions. Analysis of the particles by
electrophoresis in SDS-polyacrylamide gels, revealed
that the empty capsids of the mutants did not contain
proteins V and VII and that their pattern was
indistinguishable from that of the empty capsids of WT
virus. Particles with bouyant density of 1l.26gms/ml
consisted almost entirely of penton base and fiber,
and were identical to those seen in WT lysates.

All the major viral structural proteins present
in lysates of cells infected by the F/H and G group
mutants at 39.5°C were immunologically reactive in an
1mmunoprec1p1tat10n test, and polypeptldes made by
these viruses at the non-permissive temperature were
stable upon prolonged chase at 39.5°C. Examination of
DNA present in KB cells infected with H7ts88 (group G)
at 39.5°C showed that the viral DNA was unit 1ength and
did not degrade upon chase. Therefore there is not a
satisfactory explanation for the failure of DNA of
these mutants to be packaged into capsids.

Mutants belonging to complenentation group J
assemble two types of DNA-containing particles, which
band at a bouyant density of 1.36 and 1.34gms/ml, as
well as the empty capsids, but fail to assemble
particles with bouyant density of 1.26gms/ml.
Analysis on alkaline sucrose gradients of particles
with bouyant density 1.36 and 1.34gms/ml, revealed
that the DNA present was of unit length. Examination
of the polypeptide composition of these two types of
particles by SDS-polyacrylamide gel electrophoresis
showed that the heavier particles lacked penton base,
protein V, pvI, pVII and pVIII, while the lighter
particles lacked penton base and had reduced amounts
of proteins Vv, pvI, pVII and pVIII, compared to WT
virions. Since the fiber polypeptide comigrates with
proteins pVI and pVIII it was impossible to determine
whether it also was missing, but it is difficult to
envisage how it could be present in the absence of
penton base.




Immunoprecipitation of cell lysates revealed the
absence of immunologically reactive penton bases in
cells infected by group J mutants at 39.5°C, while the
amount of fibers precipitated was comparable to that
in WT lysates. Upon shift of cultures from 39.5°C to
32°C, all 4 mutants of this complementation group
required synthesis of new proteins to form virions.
However, all viral polypeptides, including those which
make the multimeric penton base, made at 39.5°C were
stable on prolonged chase at this temperature,
suggesting that the penton base polypeptides made by
group J mutants at the non-permissive temperature were
incorrectly folded and were unable to re-fold upon
shift a to the permissive temperature.

These data, together with the physical mapping
localization of the lesions present in these mutants,
strongly suggest them to be mutants of the penton base
gene.

Further studies of the late 1I1la protein mutants
and characterization of the Ad7 penton and fiber
polypeptides are described in the 1981-82 annual report.
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